were blasted against chicken genomic sequence, and 49 were found their corresponding orthologs. In order to integrate the genetic and cytogenetic map of the duck genome, 28 BAC clones were screened from a chicken BAC library using the specific PCR primers and localized to duck chromosomes by FISH, respectively. Twenty-four out of 28 were detected definitely on duck chromosomes. Thus, 11 out of 19 linkage groups were localized to 10 duck chromosomes. This genetic and cytogenetic map will be helpful to the mapping of QTLs in duck, in breeding applications and for conducting genomic comparisons between chicken and duck.
INTRODUCTION
Molecular genetic maps will provide insight into the genome organization and chromosomal localization of cloned genes, and also provide a framework for the identification and localization of major genes associated with economically important traits (Crittenden et al. 1993) . The rapid progress being made in the development of genetic maps for humans and mice has led to a recent boom in the construction of genome maps for many farm animals. High-density linkage maps are now available for many species, such as pigs, cattle, sheep, and goats. In contrast, mapping studies in avian species are much less advanced except in the chicken. In order to construct saturated genetic maps for more bird species, the isolation of many polymorphic genetic markers, particularly microsatellite markers is a pre-requisite. Although many chicken markers were available, it was difficult to screen the microsatellite marker for the duck by cross-species amplification from this species because of the poor conservation of the microsatellite sequences between the species (Huang et al. 2005 ).
Microsatellites or simple sequence repeats (SSRs) are tandem repeated motifs of 1-6 bases found in all prokaryotic and eukaryotic genomes, and are present both in coding and noncoding region. Despite the fact that the mechanism of evolution is still unclear, microsatellites are being widely 5 employed in forensics, genetic mapping, population genetics, evolutionary studies, and investigation of social systems (Buchholz et al. 1998; Burt et al. 2003; Chakraborty et al. 1997; Chowdhury and Bansal 2001; Harry et al. 2003; Huang et al. 2004; Jernej and Branka 2001; Knutson et al. 2004; ) .
The Peking duck, the most common type of duck breed for meat, was exported to the United States and Britain from China in the early part of the last century.
Many meat type ducks have originated from this breed. Ducks, belonging to the order Anseriformes, have diverged from the chicken (Galliformes) long time ago (Tuinen, et al. 2004 ). According to paleontogical data, the main radiation of modern duck took place during the Miocene, 5-23 million years ago (Olson 1985) . Ducks together with the ostrich, emu, peacock, turkey, quail, and other birds play a major role in studies on bird evolution. Up to now, most available molecular data concerning ducks have come from evolutionary studies based on the analysis of mitochondrial DNA sequence (Cooper et al. 1996; Donne-Gousse et al. 2002; Johnson and M.D. 1998; Johnson and Sorenson 1999; Liu et al. 1996; Sraml et al. 1996) . However, information about genetic markers in the duck is limited (Buchholz et al. 1998; Huang et al. 2005; Maak et al. 2000; Maak et al. 2003; Paulus and Tiedemann 2003; Stai and Hughes 2003) . In addition, comparative mapping between the duck and chicken genome gains importance as the Chicken Genome Project moves toward functional genomics, i.e., the functional characterization of large regions of sequenced DNA. A good comparative genetic map based on the 6 orthologous microsatellite markers will provide the substrates for major gene identification (Reed et al. 2005a (Reed et al. , 2005b . Up to now, most available comparative data between duck and chicken have come from the analysis of chromosome painting (Guttenbach et al. 2003) . Herein, the preliminary genetic map was developed in an inbred Peking duck resource population (line cross with line ) based on linkage analysis of 103 novel genetic markers from the microsatellite-enriched library (Huang et al. 2005) , together with 137 reported microsatellite loci (Buchholz et al. 1998; Cathey et al. 1996; Fields and Scribner 1997; Genet et al. 2003; Huang et al. 2005; Maak et al. 2000; Stai and Hughes 2003) . In addition, the preliminary genetic map was integrated with the cytogenetic map based on Fluorescence in situ hybridization (FISH) using 28 chicken heterologous BAC clones.
MATERIALS AND METHODS

Resource population:
In collaboration with Gold Star Duck Production Ltd (Beijing), an experimental population with a total of 224 G2 individuals was created containing 12 full sib families of a cross between two extreme Peking duck lines (Line L and L ). Four male individuals of Generation 1 were the offspring of L , and 12 female individuals of Generation 1 were the offspring of L . A routine phenol/chloroform extraction method was used to extract and purify the duck genomic DNA. The DNA was quantified using agarose gel 7 electrophoresis. The DNA concentration was estimated by comparison with molecular standard markers.
Sequencing of clones and designing of primers: A library enriched for (CA)n, (CAG)n, (GCC)n and (TTTC)n was constructed from a female Peking duck (Huang et al. 2005) . Plasmids, extracted from clones of the microsatellite-enriched library, were sequenced with the BigDye Kit on PRISM 377 DNA sequencers (ABI, USA). Oligo6.0 was used to design to give PCR products ranging from 100 to 400 bp. One primer in each pair was labeled with either 6-FAM or HEX fluorescent dye (Augct Biotechnology Co. Ltd, China).
Optimization of mutiplex PCR and muti-run:
The annealing temperature of the microsatellite primers was determined using an Authorized Thermal Cycler (Eppendorf, Germany). DNA amplification was performed in a total volume of 10 µL, with 40 ng duck DNA, 50mM KCl, 1.5mM MgCl2, 10mM Tris.HCl (pH 8.3), 1mM Tetramethylammoniumchloride (TMAC), 0.1% Triton X-100, 0.01% gelatin, 200mM dNTP, 0.2 to 2 pmol of each primer and 2.5 U Taq polymerase.
The PCR reaction conditions were denaturing for 5 min at 94 , followed by 94 for 40 s, 58 ± 10 for 30 s or 1 min, and 72 for 30 s or 1 min, with a final 30 min elongation step at 72 . PCR primer pairs with similar annealing temperatures and different amplification product sizes were combined in mutiplex PCR reactions. Primer pairs unsuitable for mutiplex PCR were used in independent reactions, however, the products could be run in the same lane (muti-run) of the gel if their sizes were sufficiently different (> 60 bp).
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Linkage analysis：Mutiplex PCR products or independent PCR products were diluted by 10-70 times. A mixture of 1 µL diluted PCR product, 12 µL deoinized formadide (Amresco, USA), and 0.2 µL Genescan-350 ROX TM or Genescan-500 ROX TM (ABI, USA) internal standard was run on a 3100
pop-4 TM (ABI, USA) using a 3100 genetic analyzer (ABI, USA). The fragment sizes of PCR products were analyzed using the Genescan 3.7 and Genemapper 1.1 software (ABI, USA). Although the genotypes were performed automatically by Genemapper1.1 software after the panel and bin were defined, all individual genotypes were checked manually twice (each time before and after export to Excel). In addition, typing errors detected with the CRIMAP program (using the PREPARE option) were rechecked within Genescan3.7 and corrected where necessary.
The genotyping data were extracted from Excel worksheets and reformatted into the Gen file for the CRIMAP Version 2.4 linkage analysis program (Green 1990 ). Initially, a two-point linkage analysis was performed in which polymorphic markers were analyzed against each other (LODSCORE ≥ 3.0).
Then, markers that distributed into the same linkage group were used to build the map using the CRIMAP-ALL option. Then, the order of the framework loci was checked using the CRIMAP-FLIPS function. Finally, the marker distance on a linear map was determined by CRIMAP-BUILD option.
The linkage maps were drawn using MapChart 2.1 software (Voorrips 2002) .
Identifying the orthologous microsatellite DNA of duck in chicken 9 genome：The flanking sequences of duck microsatellites DNA were analysed in a megaBLAST search against the National Center for Biotechnology Information (NCBI) with the default parameters on http://www.ncbi.nlm.nih.gov/ genome/seq/GgaBlast.html. The unique match sequences with an E-vaule
smaller than e-25 from chicken were used as orthologs to the duck microsatellites DNA.
Screening and preparing probes：The BAC clones used to FISH mapping were screened by 4D-2-step PCR from a Hind female white-silk chicken BAC library with inserts from vector pBeloBAC11 using specific PCR primers (AppendixⅡ), which were designed from the orthologous sequences of the duck microsatellite in chicken genome (Liu et al. 2003) . Screened positive clones were confirmed further by sequencing analysis of PCR products. A routine phenol/chloroform extraction method was used to extract and purify the chicken BAC genomic DNA. The BIONICK TM Labeling System was used to prepare DNA probes combined with biotin-14-dATP (Invitrogen, USA).
Fluorescence in situ hybridization (FISH):
Metaphase chromosomes were prepared from fetal fibroblast cultures of Peking duck by standard cytogenetic techniques. The method of FISH was modified from Coppieters W et al (Coppieters et al. 1994) . Briefly, chromosome slides were hardened at 65 for 2h, denatured at 70 for 2.5min in 70% formamide, 2 SSC, and dehydrated in an ethanol series at -20 . Probe, which was labeled with biotin-14-dATP, was coprecipitated with 50-fold excess of salmon sperm DNA and 50-fold 10 excess of sonicated chicken genome DNA. The denatured precipitation was dissolved in hybridization solution to a final concentration of 50ng /µl and prehybridized for 40 min at 37 . Hybridization was performed for 48 hours at 37 in a humid chamber. Probes were detected with FITC-conjugated avidin (Vector, USA) and signals were amplified by biotinlated antiavidin (Vector, Burlingame, USA). Chromosomes were counterstained with 0.5µg/ml propidium iodide. Images were taken with epifluorescence microscope equipped with a DP70 CCD camera (Olympus, Japan) and dealt with software Video TesT-FISH (Video TesT Ltd, Russia).
RESULTS
Isolation and characterization of microsatellite loci：In order to isolate the specific microsatellite markers for duck, a total of 1025 plasmids, extracted from the microsatellite-enriched library (Huang et al. 2005) , were sequenced according to the procedures described in the material and methods section, 753(73.46%) were found to contain (CA)n, (CAG)n, (GCC)n, (TTTC)n, (TC)n, (TCC)n, (TTCC)n, (TTTTC)n, (TTGCC)n, (TTCCTC)n, (AAC)n, (AAAC)n, (TA)n or (TTTA)n microsatellites with five or more repeats, and 5 contained (TCTCTTTC)n, (TTTCCCTCTTTC)n or (CTTCTTTC)n with 6 or more repeats. out of 155 polymorphic loci for which the number of informative meioses varied from 9 to 427, the average being 196.33, were useful to linkage analysis. The remaining 6 loci were polymorphic but had no informative meioses in our pedigree and so were not useful for linkage analysis.
Genetic linkage map：A total of 115 markers were placed into 19 genetic groups, and 34 polymorphic markers were unlinked with any markers by two-point analysis with LOD scores >3.0 using CRIMAP (Green 1990) . (See Fig. 1 ranged from 5 to 10 cM, 30% (27) varied from 10 to 20 cM, and 26.67% (24) were greater than 20 cM.
Sex-specific maps have also been constructed. Length of the male map was 1415 cM, with an average intermarker distance of 16.26 cM, whereas the female map is 1387.6 cM, with the average intermarker spacing 17.13 cM. The male map comprised linkage groups ranging in length from 0 to 347.2 cM, while the female map contained linkage groups, with a length ranging 0 to 398.8 cM (See Table 1 ). The length of the male map is 1.02 fold of that in female's, and that of sex-averaged map was shorter than both of the sex-specific maps and 0.98 times as long as that of the female map.
Orthologs of duck microsatellite sequence in chicken genome：In order to search for orthologs, 240 flanking sequences of duck microsatellite DNA were blasted against chicken genomic sequence as the procedure stated in the methods section. The corresponding orthologous sequences were found for 49 of the 240 examined (See Table 2 ). The position in duck genetic map, physical position in chicken genome, physical position in duck genome, primer sequences for the screening of chicken BAC clones, as well as repeat of the orthologous sequences are listed in table 2.
Of the 49 duck microsatellite loci with orthologs in the chicken genome, 27 14 were placed into 15 genetic groups, 18 were unlinked with any markers, and the rest were not genotyped in the above resource population. Sequencing comparisons showed that the core repeats in the chicken for 25 of the orthologous loci were the same or similar to the corresponding one of the duck, but were different for 7 orthologous loci. Moreover, for the remaining 17 of these duck microsatellite loci the core repeats were absent from the orthologous loci in the chicken. were placed on the same duck chromosome 3. Moreover, 1 unlinked marker was mapped on chromosome 1, 1 on chromosome 4, 1 on chromosome 7, 1 on chromosome 8, 2 on chromosome 10, and 1 on one pair of the microchromosome.
Integration of genetic and cytogenetic map：
Among the 24 orthologous loci, which were located on duck chromosomes using chicken BAC clones, 3 (2 from CAU1, and 1 unlinked marker) were located on chicken chromosome 1, 3 (all from CAU2) on chicken chromosome 2, 2 (1 from CAU3, 1 from CAU17) on chicken 3, 2 (1 from CAU4, 1 from CAU18) on chicken chromosome 4, 2 (all from CAU5) on chicken chromosome 5, 1 (1 unlinked marker) on chicken chromosome 7, 1 (1 unlinked marker) on chicken chromosome 8, 1 (1 from CAU9) on chicken chromosome 9, 5 (3 from CAU10, 2 unlinked markers) on chicken chromosome 10, 1 (1 from CAU11) on chicken chromosome 11, 1 (1 unlinked marker) on chicken chromosome 12, 1
(1 from CAU16) on chicken chromosome 26, and the other (1 unlinked marker)
was not assigned to a chicken chromosome.
DISCUSSION
Evaluation of the mix-enriched library：The percentage of clones in this enriched microsatellite library contained microsatellite sequence (73.46%) is similar to that in the ostrich enriched microsatellite library (Tang et al. 2003) , and higher than the percentage observed in the chicken enriched microsatellite library (Cheng et al. 1995) . Some highly enriched libraries (>90%) have been constructed in cichlid fish and plant (Carleton et al. 2002; Jernej and Branka 2001) . Two reasons would be lead to the difference in enrichment level. One is that the procedure used to construct the library is different. The second is that the frequency of microsatellite DNA regions generally increases with increasing genome sizes (Garner 2002; Gibbs et al. 1997) . In our enriched library, 41.37% of the clones, which contain microsatellite repeats,
are not suitable to develop PCR primers because of the short flanking sequence. This percentage is higher than that observed in chicken and ostrich (Cheng et al. 1995; Tang et al. 2003) . As in chicken and ostrich, TG islands and duplicated sequences are also found (Cheng et al. 1995; Tang et al. 2003 ).
In our modified enrichment procedure, 4 different probes of the microsatellite motifs were employed for capturing DNA fragments. The majority (83.69%) of the microsatellite sequences, which were isolated in the present study, contained the one or more purposed repeat motifs. The results suggested that (CA)n, (CAG)n, (GCC)n or (TTTC)n repeats are random distributed in the duck genome. (CA)n, (CAG)n and (TTTC)n repeats have been found in mammalian species and avian species (Band and Ron 1996; Cheng et al. 1995; McConnell et al. 1999) . The (GCC)n repeat, however, which is abundant in the human genome (Chowdhury and Bansal 2001; Kleiderlein et al. 1998) , is rare in other animal species. In addition to the above microsatellite motif repeats, other repeats were also found in this duck library. This result suggested that the mix-enriched library would be efficient to isolate microsatellite DNA from species for which the content of repeat cores was unknown. With the differences in recombination frequencies have detected on the sex chromosomes or typing errors, there can be large differences in map between male and female (Kondo et al. 2001; Rappold 1993) . We have observed differences in the recombination rates between the sexes (see table 1 ), but the differences are smaller than those observed in other species such as humans, pigs, dog, tiger pufferfish, zebrafish (Archibald et al. 1995; Dib et al. 1996; Kai et al. 2005; Neff et al. 1999; Singer et al. 2002) , and more similar to those observed in chicken and pacific oyster (Groenen et al. 1998; Hubert and Hedgecock 2004) . Although the overall difference in the length of the male map is larger than that of the female map, several of the female linkage groups were larger than their male counterparts.
Estimation
Conservation of microsatellite DNA sequence between duck and chicken：In order to construct comparative genetic maps for model species and less-studied species, the isolation of the orthologous markers, especially microsatellite marker is a pre-requisite. In recent years, several attempts have been made to amplify microsatellite loci specific for some model species, such as chicken, pig and cattle, from genomic DNA of related species. The success rates of the heterologous amplification with microsatellite primers in closely related species ranged from 16.23 % to 62.89 % (Baratti et al. 2001; Fields and Scribner 1997; Kayang et al. 2002; Kemp et al. 1995; Kim et al. 2004; Moore et al. 1991; Reed et al. 2003) . Studies showed it was difficult to screen microsatellite marker for duck by cross-species amplification from chicken loci (Huang et al. 2005) . In this paper, the conservation of microsatellite DNA between duck and chicken were estimated by sequence Blast comparisons at 240 loci. Results showed only 20.42% microsallite loci were conserved in both species. Of the orthologs, 40.82% (20) with core repeat longer than 15 base pairs were suitable to design primers in the above species. The variance in the flanking sequences of the orthologous loci ranged from 75% to 99%. Thus, less than 8.3% orthologous polymorphic microsatellite loci could be isolated by
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heterologous amplification between duck and chicken.
Integration of genetic and cytogenetic map by heterologous
hybridization：The full utilization of genetic maps requires knowledge of the correspondence between the genetic and cytogenetic maps. There are several methods that have been used to correlate genetic and cytogenetic maps (Stephens et al. 2004) . FlSH provides the most direct way of physically mapping DNA sequences on chromosomes. However, FISH mapping of eukaryotic genomes depends heavily on the development of recombinant DNA BAC libraries. With a lack of the large insert libraries, FISH mapping in less-developed species has usually been performed using heterologous BAC clones (Bonnet et al. 2001) . In this study, 10 duck loci were assigned to duck macro-chromosomes, 10 loci to small macro-chromosomes, and 4 loci to micro-chromosomes using chicken BAC clones. Much research has showed strong chromosome homology between macro-chromosomes in different bird species (Masabanda et al. 2004 ). In our research, 19 orthologous loci (CAUD023, CAUD069, AMU182, APH12, CAUD049, CAUD138, CAUD091, CAUD109 and CAUD128) were assigned to the same macro-chromosome or small macro-chromosome in duck and chicken, respectively, 1 orthologous locus (CAUD021) was located on duck chromosome 4, but uncertain in chicken genome. Moreover, 1 orthologous locus (CAUD108) was located on duck microchromosome, but on chicken chromosome 4. However, the physical mapping of the 3 orthologous loci, which were localized on the 20 micro-chromosomes in chicken, were uncertain in the duck genome.
Microsatellites are excellent genetic markers because of their high polymorphism and abundant distribution throughout the genome. A microsatellite-based genetic map is an essential tool for linkage mapping of monogenic as well as polygenic traits of interest (Ihara et al. 2004) . However, only 137 microsatellite markers specific for waterfowl were previously reported and genetic map for duck has not been developed (Buchholz et al. 1998; Fields and Scribner 1997; Genet et al. 2003; Huang et al. 2005; Maak et al. 2000; Maak et al. 2003; Paulus and Tiedemann 2003; Stai and Hughes 2003) . The goals of the present study were construction of a genetic map and the integration of genetic and cytogenetic maps. The resulting genetic and cytogenetic map will be helpful in the mapping of QTLs in ducks, and in the conducting of the genomic comparisons between chicken and duck. In addition, this map and the novel microsatellite loci will be useful for population genetic studies and in pedigree control and breeding applications in managed or commercially bred populations. 
